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ABSTRACT: Soil properties of petroleum hydrocarbon contaminated soils from automobile mechanical shops in the 
Cape Coast Municipality of the Central Region of Ghana were investigated to assess their alternation due to the petroleum 
hydrocarbon contamination. Soil samples were collected from eight automobile mechanical shops and control sites and 
analyzed using standard protocols. The mean particle size distribution followed the order: sand 64.79±19.47 > silt 
22.81±9.47 > 12.40±14.68. The distributions for the control samples followed a similar order. The particle size distribution 
of soils from the study sites was not significantly different from those of the control sites (p<0.05). There were greater 
variations in soil characteristics of control samples than those of the contaminated soils, with significant differences 
observed between most of the soil characteristics of the two sites (p<0.05). Significant correlations were observed between 
some soil properties, between temperature and conductivity (p< 0.01; r=-0.689); temperature and organic matter (p< 0.05; 
r= 0.422); pH and conductivity (p< 0.01; r= 0.549); pH and nitrate (p< 0.05; r= 0. 430); pH and Phosphate (p< 0.01; r= 
0.652); nitrate and phosphate (r= 0. 728, p< 0.01), organic matter and phosphate (p< 0.01; r= 0. 692); moisture and nitrate 
(r= 0. 787, p< 0.0); and between moisture and phosphate (r= 0. .633, p< 0.01). Petroleum hydrocarbon contamination 
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The transforming crude oil into petrochemicals, 
including gasoline and lubricating oil for use by 
automobiles, has led to worldwide contamination of 
air, water and soils are dangerous for human and 
ecosystem health (Ahmad et al., 2016; Patil et al., 
2004; WHO, 2014). Soil plays a vital role in 
maintaining the balance of the earth's ecosystem 
(Nesme et al., 2014), but contamination by petroleum 
products is a current problem in several countries in 
the world. The deleterious effects of these petroleum 
products on the soil ecosystem are due to toxic 
components (Ujowundu et al., 2011). The detrimental 
effects of auto-mechanic workshop activities on 
humans and soils, as well as arable lands,  have been 
reported in Nigeria (Nkwoada et al., 2018; Oluwajiose 
et al., 2015; Demie, 2015). 
The petroleum fuels are composed of saturated 
hydrocarbon, aromatic hydrocarbon and non-
hydrocarbon compounds (Lin et al., 2010), and traces 
of nitrogen, phosphorus and organic matter, which are 
easily absorbed in the soil surface (Wang et al., 2009). 
Studies have revealed that hydrocarbon with benzene 
ring are quite complex, insoluble in water and are not 
easily removed from the soil due to low boiling of the 
hydrocarbons (Guo et al., 2016; Bayat, 2015). The 
petroleum hydrocarbon affects the soils 
hydrophobicity and moisture holding capacity (Balks 
et al., 2002); permeability and porosity of soils (Wang, 
et al., 2009; He et al, 1999); fungal and bacterial 
growths, and have higher metal enrichment (Zhang et 
al., 2018; Shamiyan et al., 2013); soil physicochemical 
properties (Wan, 2014; Ezeigbo et al., 2013; Nwaogu 
and Onyeze, 2010), and eventually damage the soil 
environment (Dindar et al., 2015). The bulk density, 
porosity, and nutrient levels: nitrogen, carbon and 
phosphorus absorption of crops in hydrocarbon 
contaminated soils have been affected (Liao et al, 
2015; Kumar & Rao, 2012). Most auto-mechanic 
workshops and garages in developing countries do not 
have regulatory codes for their operations, especially 
the disposal of their used oil and other wastes 
(Kpakpavi, 2015). The soils in these operational sites 
are major repositories of different wastes and 
pollutants generated from activities of these shops, 
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hence the natural soils in mechanical garages are 
mainly contaminated with residual polycyclic 
aromatic hydrocarbons and non-hydrocarbons. Garage 
and auto-mechanical workshops are also a source of a 
hazardous pollutant for soil resource, causing 
deterioration of quality of soil and disruption of 
normal function of soil resources. Most of the 
investigations carried out at some of these sites 
focused on the heavy metal pollution of soils from 
spilled oils and other contaminants. The provision of 
any code of practice to regulate the activities of these 
workshops and motor vehicle service industries to 
achieve the general environmental duty of maintaining 
soil quality would have to be based on scientific data. 
In Ghana, however, there is no data on the effects of 
hydrocarbon contamination of these workshops and 
garages on the soil properties, and their overall impact 
on the quality of the soils. The aim of this present study 
was to determine physicochemical properties and soil 
organic matter contents of petroleum hydrocarbon 
contaminated soils from vehicular mechanical 
workshops in the Cape Coast Metropolis of the Central 
Region of Ghana and to assess the effect of the 
contamination on the soil characteristics and 
environment. A better understanding of the effects of 
petroleum hydrocarbon contamination on soil 
physicochemical properties and bacterial community 
has potential contributions to the improvement of crop 
productivity, degradation and remediation of oil 
polluted soil. Vehicular mechanical workshop sites 
were selected for study since oil, both used and unused 
are often spilled, accidentally or deliberately into soils 
in these operational sites, and are relatively much 
contaminated with petroleum hydrocarbons than soil 
in other areas. Also, the urban nature of the Cape Coast 
Metropolis with the numerous automobile servicing 
shops within the small city makes it suitable as a study 
area. 
 
MATERIAL AND METHODS 
Description of study area: Cape Coast, the study area 
is a fishing city in the Central region of Ghana. It is 
situated on its south to the Gulf of Guinea and 120 km 
southwest of the capital of Ghana, Accra (Fig. 1). The 
city had a total settlement population of 169,894 
people (GSS, 2010 census). The sites investigated 
were automobile mechanic workshops at Pedu, 
Kakumdo, Greenhill, Brafoyaw, and Siwdu. Pristine 
(unpolluted) soils, which represented the control 
samples were collected between 50 -100 metres away 
from each polluted site. A global positioning system 
(GPS) used to determine the coordinates of the 
sampling locations, ranged from longitude 1°13’7” W 
- 1°17’5” W, latitude 5°6’36” N - 5°8’3” N; and 
altitude 1.544861 -53.28717. 
 
Sample collection and preparation: A total of fourteen 
composite soil samples from eight petroleum 
hydrocarbon-contaminated sites and six pristine 
(control) sites, were investigated. Three replicate soil 
samples were randomly collected from each sampling 
station using a soil auger at depth (0 -15 cm) to form 
the composite sample. 
 
Fig 1: Map of study area showing sampling locations in the Cape 
Coast Metropolis, Ghana 
 
The soil samples were quickly put into sterile, zip-
locked polyethylene plastic bags, labelled and 
subsequently transported to the laboratories in the iced 
chest for physicochemical analyses. Soil samples were 
air dried for 72 hours at room temperature, and then 
ground and sieved with a 2.0 mm mesh. 
 
Soil Analyses: Soil properties namely; temperature, 
pH, electrical conductivity, nitrate content, phosphate 
content, moisture content, bulk density, porosity, 
particle size distribution, texture, as well as total 
organic matter content were analyzed using standards 
protocols in laboratories of the School of Physical of 
Sciences, University of Cape Coast, Ghana. 
 
Temperatures of soil samples at designated locations 
in the field were measured by inserting mercury in 
bulb thermometer to a depth of 5 cm in the soil. 
Electrical conductivity and pH of soils were measured 
following aqueous soil suspension method (ISO 
10390:2005) as described by Useh et al., (2015). A 
soil: water mixture of 1:5 (w/v) was prepared using 10 
g air-dried soil sample in 50 ml deionized water and 
allowed to stand for 10 minutes. The electrode of the 
digital multi-meter (Hanna model) was immersed in 
the mixture for each determination. Nitrate and 
phosphate levels in test soil samples were respectively 
determined by spectrophotometric methods 8171 and 
8048, using the portable DR 900 multi-parameter 
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spectrophotometer. For total organic carbon 
determinations, the loss on ignition method (DIN 
19684-3 2000-08) described by Wilke (2005) was 
employed. The direct method using dry mass on a 
mass basis (ISO 11465: 1993) and core method (ISO 
DIS 11272:2017), both described by Wilke (2005) 
were employed for soil moisture content and bulk 
density determinations, respectfully. The porosity, 
which represents the total amount of pore spaces 
present in soil inorganic separates was expressed in 
percent by the formula: 
 
         (%) =  1 − 
  
  
   × 100        …1 
 
Where; Db is the bulk density of soil sample; Dd is the 
particle density of soil sample 
 
Each composite soil sample was analyzed for the 
relative proportions of mineral soil separates namely; 
sand, silt, and clay using the sieve analysis method of 
ASTM D6913/D6913M-17, with slight modification. 
Selected sieve sizes for sand, silt, and clay with 
diameter ranges of 0.05 – 2.0 mm, 0.002 – 0.05 mm˂ 
0.002 mm, respectfully were used in the analysis. The 
sieves were tightly packed such that the one with the 
largest openings was at the top and the smallest at the 
base and 500 g of oven-dried soil sample were poured 
into the top sieve and covered. The stacked sieves with 
the oven-dried soil were strongly agitated in a 
mechanical shaker for about 15 minutes. Each sieve 
was removed separately and the soil portions (sand, 
silt, and clay) retained were weighed and expressed in 
percentage of the total weight of the initial soil sample 
used. The textural classes were determined using the 
USDA textural triangle. 
 
RESULTS AND DISCUSSION 
The descriptive statistics of the particle size 
distribution (Table 1) show that hydrocarbon polluted 
soils were characterized by relatively high sand 
content ranging from 25.0 - 83.0 %, and an average 
(mean± sd) of 64.79±19.47 %; silt 5.9-34.6 % 
(22.81±9.47 %) and clay 2.5-47 % (12.04± 14.68 %). 
The ranges and mean of particle size distribution for 
the control samples were: sand 3.0-74.4% 
(42.72±25.39%); silt 14.3-94.0% (47.47±30.85%); 
and clay 3.0-23.8% (9.82±7.63 %). The textural 
designations of soils from the study sites were mostly 
sandy loam. Soil samples from SS 1 – SS4 were of 
varying texture; sandy loam, loamy sand, and clay. 
With the exception of test and control samples from 
KS and KSC that showed the same textural 
designation (sandy loam), the remaining soils, both 
test, and their controls samples showed different 
textural classes. 
 
Table 1: Mean particle size distribution and textural designations of soils 
Sample 
location 




Control Samples Textural 
class Sand % Silt % Clay % Sand % Silt % Clay % 
BYS 83.0 14.5 2.5 Loamy sand BYSC 3.0 94.0 3.0 Silt 
GS 61.8 36.6 3.6 Sandy loam GSC 35.1 57.8 7.1 Loam 
KS 55.4 32.1 12.5 Sandy loam KSC 74.4 16.7 8.9 Sandy loam 
PJS 70.3 24.3 5.4 Sandy loam PJSC 51.2 36.6 12.2 Loam 
SS 1 62.5 25.0 12.5 Sandy loam SSC I 30.7 65.4 3.9 Silt loam  
SS 2 82.5 5.9 5.9 Loamy sand SSC II 61.9 14.3 23.8 Sandy loam 
SS 3 25.0 27.5 47.5 Clay - - - - - 


















BYS-Brafoyaw Station, BYSC-Brafoyaw Station Control, GS-Greenhill Station, GSC- Greenhill Station Control, KS-Kakumdo Station, 
KSC-Kakumdo Station Control, PJS-Pedu Junction Station, PJSC- Pedu Junction Station Control, SS 1-Swidu Station 1, SS 2-Swidu 
Station 2, SS 3-Swidu Station 3, SS 4-Swidu Station 4, SSC I-Swidu Station Control I, SSC II-Swidu Station Control II. 
 
The descriptive statistics results of the 
physicochemical characteristics of petroleum 
hydrocarbon contaminated soils sampled from 
mechanical vehicular servicing shops are shown in 
Table 2 - 4. The mean temperatures for the study sites 
range between 28.00 0C - 35.67 0C, with an overall 
mean of 32.04±3.13 0C (Table 2). Generally, the 
temperatures of soils from the hydrocarbon 
contaminated sites were not significantly different 
from those of the control sites. However, Wang et al., 
(2013) observed significantly lower soil temperature 
than those at the control sites. The temperature has 
been observed to affect the bacteria consortium and its 
efficacy in biodegradation (Walker et al., 1976). The 
pH of test soils investigated was slightly acidic to 
slightly basic, with a mean 7.62±0.48. Soils from BYS 
had the lowest mean pH 6.76 and soils from SS 1 had 
the highest of 8.24 (Table 2). Only three sites (GS, 
BYS and SS 2) had soil pH values that corroborated 
with soil series of Ghana (Yawson et al., 2011), which 
ranged from 3.7 - 7.8. The pH of soils in the study area 
was slightly lower than the levels reported in the Niger 
Delta region of Nigeria (Udeh et al., 2013). Contrary 
to the earlier comparison, pH levels of the study areas 
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were found to be higher than some hydrocarbon 
contaminated soils in Nigeria. At Eluama, in Abia 
State, pH was 4.5 (Ezeigbo et al., 2013); and 6.5, at 
Bomuin, in Ogoni land of Gokana local government 
area of Rivers State (Stanley et al., 2017). The pH 
levels of soil samples were similar to those from some 
uncontaminated sites in Momoge Wetland of China 
(Wang et al., 2013). Previous studies have reported 
that increased in total petroleum hydrocarbon can 
lower the soil pH (Leahy and Colwell, 1990; Gong et 
al., 2008; Kisic et al., 2009). It is also reported that oil 
pollution of soil raised soil pH (Jia et al., 2009); and 
that the hydrocarbons concentrations in the soils 
sampled had no significant effect on the soil pH. The 
pH may have some effect on the diversity of soil 
bacteria as having been reported that, North and South 
American soils revealed that phosphate and pH 
affected bacterial diversity (Faoro et al., 2010). The 
acidity of the soils also suggests that accumulation of 
metals by cation exchange will be minimal and metal 
accumulation will predominantly be due to adsorption 
via soil organic matter.  
The soil from GS had the least conductivity, 77.22 
µS/cm as against soil samples from SS 4 that showed 
the highest conductivity of 407.63 µS/cm. The 
conductivity of soil from the control sites was lower 
and ranged from 46.39 - 256.63 µS/cm (Table 2). 
 
The soils from the study sites were characterized by 
relatively low water content, which ranged between 
0.71±0.61 and 2.85±0.31% (Table. 3). The moisture 
content of soils at the control sites was between 
0.84±0.15 and 10.20±3.68. Soils from the control sites 
generally had higher water content than those at the 
hydrocarbon contaminated sites except that at BYS. 
This observation agrees with findings elsewhere 
(Wang et al., 2013). The petroleum hydrocarbon coats 
the soil surface and reduces water permeability by 
blocking the soil pores resulting in the low moisture 
contents of the soils (Bennett et al., 1993; Roy et al., 
1999; Khamehchiyan et al., 2007). The porosity of the 
study sites ranged between 20.86±3.17 and 
31.79±6.56% (Table 3). These were much lower than 
levels observed for the control sites, which was 
between 24.77±8.96 - 41.86±6.28%. The lower 
porosity of the oil-contaminated soils from the study 
sites suggests that the petroleum hydrocarbon oil in the 
soils have compacted the soil particles together, 
thereby decreasing porosity, and compromises the 
quality of soil structure. Porosity determines the depth 
to which air and water penetrate the soil (Ndimele et 
al., 2018; Nimmo, 2004). Soil compaction is an 
important environmental problem and it causes 
physical degradation by adversely influencing 
hydraulic properties of soil and productivity 
parameters. It can affect root development and nutrient 
uptake (Parlak and Parlak, 2011). The bulk density of 
soils from the study sites (Table 3), ranged 
from1.81±0.17 - 2.09±0.08 g/cm3, and higher than 
those of the control sites 1.54±0.16 -1.99±0.23 g/cm3. 
With the exception of the sample from GS that had 
lower bulk density, 1.95±0.10 g/cm3, than the control 
sample 1.99±0.23 g/cm3, the remaining sites had 
relatively higher bulk densities. The decreased 
porosity observed for the soils reflects the increased in 
bulk density. Thus, this limits root penetration; air and 
water permeability is decreased and is likely to impact 
on microbial survival (Pathak et al., 2011). It is 
reported that soil microbes acquire organic carbon and 
nitrogen from organic matter, and this nutrient affects 
the microbial community (Schnecker et al., 2014). 
Soils from SS 3 had the lowest organic carbon, 
10.43±0.21% whilst samples from BYS showed the 
organic carbon content of 25.98±7.14% (Table 4). The 
control samples had lower carbon contents between 
2.55 and 21.95%, except for soils samples from SS3 
and SS4. The organic carbon for both the 
contaminated and the control soils samples 
respectively, 25.98±7.14 and 21.95±5.18 was highest 
for samples from BYS. The higher organic carbon 
contents of the soils from the automobile mechanical 
shops could be attributed to contribution from 
petroleum hydrocarbon in the petroleum products as 
observed elsewhere (Abosede, 2013). The increase in 
the soil carbon content of the contaminated sites is 
likely to adversely affect the rate of degradation by 
microbes. The results of nutrient contents (phosphates, 
nitrates, and carbons) of contaminated soil samples 
and their control counterparts are presented in Table 4. 
The nitrate concentration ranged between 7.93±1.67 
and 17.10±2.51 mg/L. The soil sample from SS 3 
contained the least nitrate, and sample from BYS had 
the highest nitrate concentration. The mean nitrate for 
all the sites was15.09±9.01 mg/L. The mean for the 
control samples was 14.31±8.93 mg/L, and range 
between 4.76±0.15 and30.30±2.38 mg/L. The 
phosphate contents of the soils ranged between 
5.73±0.90 mg/L and 28.59±1.58 mg/L. Soil from BYS 
had the least soil phosphates, and SS 3, the highest. 
The mean value for all the sites was 16.53±6.28 mg/L. 
The mean and range for the control samples were 
respectively 8.21±7.48 mg/L and 3. 0.74±0.32 - 
20.69±2.58. Generally, the phosphates and nitrate 
levels of soils from the automobile mechanical shops 
were higher than those of the control sites, suggesting 
that there had been phosphates and nitrate addition 
from the petroleum products. Crude oil and its product 
have been observed to contain nitrogen and phosphate, 
which affect the soil nutrient and bacteria diversity, 
and that the increase in soil phosphate could affect the 
soil bacteria diversity (Faoro et al., 2010). Carbon and 
nitrogen are vital for the survival of soil 
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microorganisms. This finding implies that the carbon: 
nitrogen ratio of soils in the study sites are likely to be 
altered by petroleum hydrocarbon contamination, and 
could affect the capacity of soil bacteria to decompose 
materials and their decomposition rate (Pathak et al., 
2011). 
 
Table 2: Descriptive statistics of some physicochemical characteristics of petroleum hydrocarbon-polluted and pristine soils from selected 
automobile workshops in the Cape Coast Metropolis 
   Temperature (oC)                                          pH                                             Conductivity (µS/cm) 
 Garage  Min Max   Mean±SD  Min      Max Mean±SD        Min       Max  Mean±SD 
PJS  34 35 34.67±0.57 7.84 7.85 7.84±0.01 230.5 231.4 230.97±0.45 
GS  35 36 35.67±0.57 7.19 7.23 7.21±0.02 77.22 77.49 77.38±0.14 
BYS  34 34 34.00±0.00 6.72 6.76 6.74±0.02 117.0 118.0 117.37±0.55 
KS  35 36 35.67±0.57 8.02 8.03 8.04±0.01 244.2 244.9 244.63±0.37 
SS 1  29 30 29.67±0.57 8.23 8.24 8.24±0.01 279.4 281.2 280.57±1.01 
SS 2  29 29 29.00±0.00 7.21 7.27 7.24±0.03 250.5 251.6 250.87±0.63 
SS 3  28 28 28.00±0.00 7.98 7.98 7.98±0.00 263.1 263.1 263.10±0.00 
SS 4  29 30 29.67±0.57 7.69 7.69 7.69±0.00 407.3 408.0 407.63±0.35 
Mean±sd    32.04±3.13   7.62±0.48   234.10±96.71 
Control sample (pristine soils) 
PJSC 35 35 35.00±0.00 7.28 7.31 7.29±0.01 256.5 256.7 256.63±0.11 
GSC 35 35 35.00±0.00 7.91 7.93 7.92±0.01 92.65 92.73 92.69±.0.04 
BYSC 34 34 34.00±0.00 6.505 6.51 6.51±0.00 46.36 46.46 46.39±0.05 
KSC 36 36 36.00±0.00 8.52 8.52 8.52±0.00 75.76 75.82 75.78±0.03 
SSC I 30 30 30.00±0.00 8.27 8.30 8.29±0.01 53.39 53.49 53.45±0.05 
SSC II 29 30 29.67±0.57 7.89 7.91 7.90±0.01 77.58 77.62 77.60±0.02 
Mean±sd   33.28±2.58   7.74±0.68   100.4±73.62 
Min= Minimum; Max= Maximum ; PJS-Pedu Junction Station, PJSC- Pedu Junction Station Control, GS-Greenhill Station, GSC- 
Greenhill Station Control, BYS-Brafoyaw Station, BYSC-Brafoyaw Station Control, KKS-Kakumdo Station, KKSC-Kakumdo Station 
Control, SS 1-Swidu Station 1, SS 2-Swidu Station 2, SS 3-Swidu Station 3, SS 4-Swidu Station 4, SSC I - Swidu Station Control I, SSC II-
Swidu Station Control I 
 
Table 3: Descriptive statistics of some physicochemical characteristics of petroleum hydrocarbon-polluted and pristine soils from selected 
automobile workshops in the Cape Coast Metropolis 
   Moisture Content (%) Porosity (%) Bulk Density 
   Min Max Mean±SD Min Max Mean±SD Min Max Mean±SD 
PJS  0.90 0.91 0.91±0.00 17.2 22.85 20.86±3.17 2.0446 2.1942 2.09±0.08 
GS  1.11 1.32 1.21±0.10 22.37 30.24 26.44±3.94 1.8488 2.0571 1.95±0.10 
BYS  0.88 1.01 0.96±0.07 25.56 38.64 31.79±6.56 1.6261 1.9728 1.81±0.17 
KS  1.52 2.56 2.22±0.60 19.97 37.52 28.62±8.77 1.6558 2.1209 1.89±0.23 
SS 1  1.11 1.32 1.21±0.10 14.1 30.61 21.71±8.33 1.8382 2.2763 2.07±0.22 
SS2  1.31 1.73 1.52±0.20 13.63 35.52 23.93±11.00 1.7085 2.2887 2.01±0.29 
SS3  2.67 3.21 2.85±0.31 18.87 28.2 24.38±4.88 1.9027 2.1500 2.00±0.13 
SS 4  0.01 1.11 0.71±0.61 11.31 32.6 24.60±11.58 1.7861 2.3503 1.99±0.31 
Mean±sd    1.45±0.75   25.29±7.40   1.98±0.19 
Control sample (pristine soils) 
PJSC  3.30 4.40 3.80±0.53 37.87 49.11 41.86±6.28 1.3486 1.6465 1.54±0.16 
GSC  5.59 7.76 6.57±1.09 14.42 30.56 24.77±8.96 1.8401 2.2679 1.99±0.23 
BYSC  2.56 2.77 2.70±0.12 31.17 44.65 36.37±7.24 1.4667 1.7676 1.62±0.15 
KSC  1.31 1.63 1.45±0.15 22.31 33.64 27.41±5.74 1.7585 2.0587 1.92±0.15 
SSCI  0.71 1.01 0.84±0.15 16.33 32.26 25.08±8.08 1.7952 2.2173 1.98±0.21 
SSC II  5.94 12.43 10.20±3.68 32.05 34.84 33.46±1.39 1.7268 1.7623 1.74±0.01 
Mean±sd    4.26±3.59   31.49±8.61   1.80±0.23 
Min=minimum, Max=maximum, PJS-Pedu Junction Station, PJSC- Pedu Junction Station Control, GS-Greenhill Station, GSC- Greenhill 
Station Control, BYS-Brafoyaw Station, BYSC-Brafoyaw Station Control, KKS-Kakumdo Station, KKSC-Kakumdo Station Control, SS 1-
Swidu Station 1, SS 2-Swidu Station 2, SS 3-Swidu Station 3, SS 4-Swidu Station 4, SSC I - Swidu Station Control I, SSC II-Swidu Station 
Control II. 
 
The strength of relations amongst the physicochemical 
parameters of the soils collected from the selected 
automobile workshops was assessed using regression 
analysis and Spearman’s Correlations (Table 5). 
Temperature showed significant, moderately negative 
correlation with conductivity (p< 0.01; r = - 0.689) and 
correlated positively with organic carbon (p< 0.05; r = 
0.422).  A significant positive correlations were 
observed between pH and conductivity (p< 0.01; r = 
0.549); pH and Phosphate (p< 0.01; r = 0.652); and 
with nitrate (p< 0.05; r= 0. 430).  The moisture content 
correlated positively and significantly with nitrate and 
phosphate at the p< 0.0, with coefficients respectively 
r= 0. 787 and r= 0. .633. The stronger coefficient for 
nitrate suggests a greater bio-availability of nitrate 
than phosphate. The nitrate concentrations of soils at 
the control and study sites were generally higher than 
corresponding phosphate levels (Table 6), similar to 
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observations made elsewhere in Lybia (Mussa et al., 
2009). The availability of these nutrients is also 
dependent on the soil pH as have been reported 
(Alzoubi and Gaibore, 2012). Excessive phosphate at 
SS locations, in particular, may result in water 
pollution due to runoff. The significantly stronger 
positive correlation between the soil nitrate and 
phosphate (p< 0.01; r= 0. 728), imply that these 
nutrient were from some common source, most 
probably the petroleum hydrocarbons in the 
contaminated soils.  A positive correlation was also 
observed between the soil organic carbon nitrate and 
phosphate (p< 0.01; r= 0. 692). This suggests soil 
organic matter as a probable source of the phosphate. 
The coefficient of determination, calculated by 
multiplying the square of the correlation coefficient by 
100%, and which expresses the contribution of the 
organic matter/carbon to the variation in soil 
phosphate was found to be 47.89%. Thus, about 
48.89% of the soil phosphate is the soil organic matter. 
No significant correlation was observed between the 
soil carbon and nitrate. Carbon and nitrogen are two 
chemical elements in organic matter that are, 
extremely important especially in their relation or 
proportion to each other. The non-significant 
correlation observed may thus imply alternation of the 
C/N ratio, which may adversely affect some soil 
microorganism as reported (Marais et al., 1998; Smit 
et al., 2001; Youssef and Elshahed, 2008) 
 
Table 4: Descriptive statistics of some physicochemical characteristics of petroleum hydrocarbon-polluted and pristine soils from selected 
automobile workshops in the Cape Coast Metropolis 
  Nitrates (mg/L) Phosphates (mg/L) Organic Carbon (%) 
 Soils Min Max Mean±SD Min Max Mean±SD Min Max Mean±SD 
PJS  9.80 14.30 12.10±2.25 16.74 24.29 19.47±4.18 11.13 14.40 12.28±1.83 
GS  11.30 12.70 12.06±0.71 6.01 7.10 6.59±0.55 16.95 26.91 20.59±5.48 
BYS  6.00 9.00 7.93±1.67 4.69 6.32 5.73±0.90 18.58 32.84 25.98±7.14 
KKS  14.90 15.58 15.32±0.37 27.92 28.41 28.19±0.24 13.29 13.60 13.42±0.16 
SS1  13.40 13.60 13.50±0.10 10.87 11.80 11.48±0.53 20.06 26.52 23.26±3.23 
SS 2  16.40 17.60 16.96±0.60 12.51 14.02 13.11±0.80 13.29 13.60 13.42±0.16 
SS 3  14.20 18.60 17.10±2.51 26.84 29.94 28.59±1.58 10.27 10.67 10.43±0.21 
SS4  8.50 9.90 9.13±0.71 6.81 8.81 7.50±1.13 12.22 13.56 12.87±0.67 
Mean±sd    13.02±3.44   15.09±9.01   16.53±6.28 
Control sample (pristine soils) 
PJSC 4.60 4.90 4.76±0.15 3.10 3.20 3.17±0.06 5.26 5.59 5.39±0.17 
GSC 8.30 8.90 8.56±0.30 9.74 15.09 12.59±2.69 3.59 3.77 3.65±0.09 
BYSC 7.20 7.80 7.46±0.30 1.18 1.82 1.44±0.34 18.68 27.93 21.95±5.18 
KKSC 15.30 16.80 16.13±0.76 17.71 22.25 20.69±2.58 2.38 2.73 2.55±0.17 
SSC I 28.50 33.00 30.30±2.38 9.99 11.24 10.64±0.62 14.43 21.97 18.97±4.00 
SSC II 18.10 18.90 18.60±0.43 0.48 1.11 0.74±0.32 11.76 22.22 17.41±5.28 
Mean±sd   14.31±8.93   8.21±7.48   11.66±8.67 
Min=minimum, Max=maximum; PJS-Pedu Junction Station, PJSC- Pedu Junction Station Control, GS-Greenhill Station, GSC- Greenhill 
Station Control, BYS-Brafoyaw Station, BYSC-Brafoyaw Station Control, KKS-Kakumdo Station, KKSC-Kakumdo Station Control, SS-
Swidu Station 
 
Table 5: Spearman’s Correlations of Physicochemical parameters from soils collect from selected automobile workshops in Cape Coast  
  Temp pH Cond Nitrate Phosphate Moisture OCC BD Porosity 
Temperature 1.000 -0.14 -.689** -0.316 -0.186 -0.288 .422* -0.08 0.08 
pH 1.000 .549** .430* .652** 0.373 -0.282 0.227 -0.227 
Conductivity  1.000 0.186 0.256 0.18 -0.382 0.154 -0.154 
Nitrate   1.000 .728** .787** -0.355 0.04 -0.04 
Phosphate    1.000 .633** .692** 0.252 -0.252 
Moisture     1.000 -0.336 0.013 -0.013 
OCC      1.000 0.312 0.312 
Bulk density       1.000 1.000** 
Porosity        1.000 
Temp = temperature, Cond.= conductivity, OCC = organic carbon, BD= bulk density 
 
There were variations in the distributions of the soil 
characteristics from the control sites and the various 
sites contaminated with petroleum hydrocarbon. The 
extent of variability as revealed by the coefficient of 
variation (CV) in Table 6 showed that for the particle 
size, clay content showed the greatest variation of 
118.38% followed by silt, 88.61% and sand, 30.04%. 
The order observed for the control samples was clay, 
77.69% > sand, 59.43%. > silt 54.19%. The variability 
of the other soil characteristics ranged from 59.71% 
for phosphate to 6.29% for pH. For the control 
samples, the phosphate showed the greatest variation 
of 91.11% and temperature the least (7.75%). The 
variation in the pH distribution was 8.79%. Generally, 
the variability in soil physicochemical properties of 
the control samples was higher than those from the 
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automobile shops. This may be due to the effect of 
petroleum hydrocarbon contamination. Multivariate 
comparison of the soil properties for significant 
differences showed that the pH, temperature, nitrate 
and particle distribution of soils from the study sites 
were not significantly different from those of the 
control sites (p<0.05) (Table 6). 
 
 Table 6: Comparative assessment of physicochemical parameters among Hydrocarbon  ontaminated soils and their controls. 
 
 
The properties of soils from the mechanical 
automobile shops had been altered by contamination 
with petroleum hydrocarbon fuels. With the exception 
of particle size distribution, pH, temperature and 
nitrogen, all other properties of soils from the 
mechanical automobile garages were significantly 
different from those of the control sites. The 
contamination will make the soil toxic and 
significantly alter all the soil properties, the carbon: 
nitrogen ratio and consequently affect bacteria 
diversity. 
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